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(54) ANALOG PULSE WIDTH MODULATION OF IMAGE DATA 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a DMD(Digital Micro-mirror Device) small in power consumption. 
SOLUTION: In a micro-mirror capable of modulating the analog pulse width and its method, a capacitor 406 of each 
micro-mirror element stores the charge to express one picture element of the image data. A comparator 414 compares 
the image data signal stored in the capacitor 406 with the reference signal from a reference signal generator 416. 
According to the result of comparison, an address electrode 418 of the micro-mirror is biased to polarize the micro- mirror 
412. As the image data charge stored in the capacitor 406 or the reference voltage is changed, the output of the 
comparator 414 is changed to change the position of the micro-mirror 412. 
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Abstract 



A micromirror capable of analog pulse width modulation, and method thereof. A capacitor (406) in each micromirror element 
stores a charge representative of one pixel of image data. A comparator (414) compares the image data signal stored on the 
capacitor (406) to a reference signal from a reference signal generator (416). Depending on the results of the comparison the 
address electrodes (418) of the micromirror are biased to deflect the micromirror (412). As either the image data charge stored on 
the capacitor (406 ), or th e reference voltage changes, the output of the comparator (414) changes to alter the position of the 

micromirror (412). 
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Description 



FIELD OF THE INVENTION 

[0001] This invention relates to the field of display systems, more particularly to micromirror-based display systems still more 
particularly to bistable micromirror-based display systems that perform analog pulse width modulation. 

BACKGROUND OF THE INVENTION 

[0002] Micromechanical devices are small structures typically fabricated on a semiconductor wafer using techniques such as 
optical lithography, doping, metal sputtering, oxide deposition, and plasma etching which have been developed for the 
fabrication of integrated circuits, 

[0003] Digital micromirror devices (DMDs), sometimes referred to as deformable micromirror devices, are a type of 
micromechanical device. Other types of micromechanical devices include accelerometers, pressure and flow sensors, gears 
and motors. While some micromechanical devices, such as pressure sensors, flow sensors, and DMDs have found commercial 
success, other types have not yet been commercially viable. 

[0004] Digital micromirror devices are primarily used in optical display systems. In display systems, the DMD is a light 
modulator that uses digital image data to modulate a beam of light by selectively reflecting portions of the beam of light to a 
display screen. While analog modes of operation are possible- (i.e. modes in which the mirror deflection is a function of the 
input data or bias voltage) DMDs typically operate in a digital bistable mode of operation in which the mirror is fully deflected at 
all times regardless of the image data applied to the mirror. 

[0005] Micromirrors have evolved rapidly over the past ten to fifteen years. Early devices used a deformable reflective 
membrane which, when electrostatically attracted to an underlying address electrode, dimpled toward the address electrode 
Schlieren optics illuminate the membrane and create an image from the light scattered by the dimpled portions of the 
membrane. Schlieren systems enabled the membrane devices to form images, but the images formed were very dim and had 
low contrast ratios, making them unsuitable for most image display applications. 
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[0006] Later micromirror devices used flaps or diving board-shaped cantilever beams of silicon or aluminum coupled with dark- 
field optics to create images having improved contrast ratios. Flap and cantilever beam devices typically used a sinqie metal 
layer to form the top re f| e ctive layer of the device. This single metal layer tended to deform over a large region, however which 
scattered light impinging on the deformed portion. Torsion beam devices use a thin metal layer to form a torsion beam which is 
referred to as a hinge, and a thicker metal layer to form a rigid member, or beam, typically having a mirror-like surface-' 
concentrating the deformation on a relatively small portion of the DMD surface. The rigid mirror remains flat while the hinges 
deform, minimizing the amount of light scattered by the device and improving the contrast ratio of the device. 

[0007] Recent micromirror configurations, called hidden-hinge designs, further improve the image contrast ratio by fabricating 
the mirror on a pedestal above the torsion beams. The elevated mirror covers the torsion beams, torsion beam supports and a 
device° COn " 9 e t0rs,on beams and mirror su PP ort » further improving the contrast ratio of images produced by the 

[0008] All micromirror-based projection displays use pulse-width modulation to control the amount of light that reaches each 
pixel of an image plane Typical pulse width modulation schemes divide a frame period into binary bit periods. Each image data 
bit in the input data word controls the operation of the mirror during one bit period. Thus, if the bit is active, the mirror is turned 
i PL IT 9 *>f blt .P er,od + and U ?**tom .a light source is directed to the image plane during the bit period. If the image data bit 
is not active, the mirror is turned "OFF" during the bit period and light from the light source is directed away from the image 
plane during the bit period. The human eye, or other photoreceptor, integrates the energy directed to each pixel to create the 
perception of intermediate intensity levels. Typical binary pulse width modulation systems divide the larger bit periods into two 
or more bit-splits which are distributed throughout the frame period. Spreading the contribution of the large data bits throughout 
the frame penod eliminates some of the artifacts created by the binary pulse width modulator schemes. 

[0009] While not described above, the creation of full-color image requires three DMD spatial light modulators simultaneously 
producing monochromatic images. The three primary monochromatic images are then superimposed over one another to 
create a single full-color image. Alternatively, a single DMD is used in combination with a color wheel or other sequential filter 
mechanism. The color wheel divides the white light beam into three primary color monochromatic light beams that are 
sequentially modulated to create single-color sub-images. The three primary color monochromatic images are integrated by the 
viewer to create the perception of a single full-color image. y y 

[0010] Although binary pulse width modulation provides a convenient means to create intermediate intensity levels and utilizes 
binary data that is easily processed to improve the displayed images, binary pulse width modulation systems require a very 
large amount of memory and processing hardware. Thus, although DMD-based display systems are capable of creatine 
virtually perfect images, the cost of such image quality drives the DMD-based projection system out of the reach of manv 
consumers. What is needed is a method and system for creating high-quality images with display systems having much less 
processing power 



SUMMARY OF THE INVENTION 



[001 1] The present teachings disclose a method and system for analog pulse width modulation of a spatial light modulator One 
disclosed embodiment provides a method of operating an element of the spatial light modulator. The method comprises the 
steps of providing a p.xe data signal and a reference signal to the element, comparing the pixel data signal and the reference 
signal as at least one of the signals changes, and operating the element according to the results of the comparison The 
reference voltage is typically a ramping voltage that also performs a degamma operation. 

[0012] According to another disclosed embodiment, a micromirror device is provided. The micromirror device comprises at least 
two address electrodes, a deflectable mirror element suspended above the address electrodes, a capacitor for storing charge 
representing an image data signal, a reference voltage input, and a comparator for receiving the image data signal and the 
reference voltage. The comparator compares the reference voltage input and the image data signal and provides address 
voltages to the address electrodes to cause a deflection of the deflectable mirror element. 

[0013] Yet another disclosed embodiment provides the analog pulse width modulated micromirror cell in a display system The 
display system comprises a light source for providing a beam of light along a light path, an array of micromirror cells on the liqht 
path, each micromirror cell operable to selectively reflect incident light along a projection path, a controller for providinq the 
image data signal to the micromirror array, and projection optics on the projection path. The projection optics focus the 
selectively reflected incident light on an image plane. Each micromirror cell in the display comprises- at least two address 
electrodes, a deflectable mirror element suspended above the address electrodes, a capacitor for storing a charge 
representative of an image data signal, a reference voltage input, and a comparator for receiving the image data signal and the 
reference voltage, the comparator arranged for comparing the reference voltage input and image data signals and providinq 
address voltages to the two address electrodes to cause a deflection of the deflectable element. 

[0014] The disclosed analog pulse width modulation scheme and micromirror greatly reduce the hardware heretofore required 
to produce a pulse width modulated video image using a micromirror device. The reduction in circuitry and frame memory 
greatly reduces the cost of micromirror based display systems. Furthermore, many of the artifacts created by the binary time 
division modulation schemes are eliminated. 

BRIEF DESCRIPTION OF THE DRAWINGS 



file://C:\Documents%20and%20Settings\Ted\My%20Documents\esp 10/18/2002 



± 05c JUIO 



[0015] For a more complete understanding of the present invention, and the advantages thereof, reference is now made to the 
following descriptions taken in conjunction with the accompanying drawings, in which: rererence is now maae to tne 

[0016] FIGURE 1 is a perspective view of a small portion of a micromirror array. 

[0017] FIGURE 2 is an exploded perspective view of a single micromirror element from the micromirror array of Figure 1 . 
[0018] FIGURE 3 is a plan view of a digital micromirror device according to a disclosed embodiment of the present invention. 
EpXrr^ emb ° diment ° f ° ne e,6ment in the di 9 ital micro ™- —y of Figure 3 operable 

E3*X^ ° f ° ne 6lement in the ^ array of Figure 3 

[0021] FIGURE 5a is a plot of the output reference voltage generator of Figures 4a and 4b. 
[0022] FIGURE 5b is a plot of pixel voltage data for a single pixel over two frames. 

Ecl G vXg^ mirr ° r P0Siti ° n f ° r 3 miCr ° mirr0r Ce " h3Vin9 > ixel data of Fi 9 ure 5b and the 

[0024] FIGURE 6a is a plot of the output reference voltage generator of Figures 4a and 4b. 
[0025] FIGURE 6b is a plot of pixel voltage data for a first pixel. 
[0026] FIGURE 6c is a plot of pixel voltage data for a second pixel. 

SSS^^i^ 5ft£Stt ,h8 mirror position for a micromirror ce " havin9 the pixel data of Fi9ure 6b and the 

5K G J^^2r1S^ mirr ° rp0Siti0n a micromirror cell having the pixel data of Figure 6c and the 
[0029] FIGURE 7 is a schematic view of one micromirror cell embodiment showing the selection of a global reset waveform. 
[0030] FIGURE 8 is a schematic view of one micromirror cell embodiment showing the local generation of a reset waveform. 

[0031] FIGURE 9 is a schematic view of a micromirror-based projection system utilizing an analog pulse width modulated 
micromirror device according to one embodiment of the present invention. modulated 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0032] A new modulation technique and micromirror have been developed to allow analog pulse width modulation of each 
element of a spatial light modulator. The ability to receive analog image data eliminates. 6r sign^X^^s fte 
processing hardware typically required to produce digital pulse width modulated images Thus he Methods and systems 
disclosed herein enable low-cost spatial light modulator-based systems. The methods and systemsTsctoSc I are SSarlv 
userui tor providing low-cost micromirror-based display systems since the diaital 



[0033] Although the following description specifically describes the operation of the disclosed invention in terms of diaital 
micromirror devices, it should be understood that such description is for the purposes of illustration and not for purposes of 
bmrtation. The inventive aspects described are equally applicable to other spatial light modulate? sS .as ^liquid^rystal devices. 

SS^LIS^Sf ' nidd a"- hin 9 e DMD 100 is actually an orthogonal array of DMD cells, or elements. This array often includes 
more than a thousand rows and columns of DMD cells. Figure 1 shows a small portion of a DMD array with several m rrars 102 

Wh° Ve H l°-f hOW h the V n . der,y i n9 ™ echanical Stmcture of the DMD a^ Figure 2 is an exploded SS^S^ DM^SieS 
further detailing the relationships between the DMD structures. element 

In^lnXl^f^ ° n 3 s ® mi£ f ndu ?. to :' TOJ'V silicon - substrate 104. Electrical control circuitry is typically fabricated 
hh, lc ef ♦ 06 ° f the sem ' conductor ; substrate 104 using standard integrated circuit process flows. This circuitry typically 
rtdes stRjetures necessary to receive image data and to generate mirror control signals dependent on the image data V 
Voltage driver circuits for driving bias and reset signals to the mirror superstructure may also be fabricated on the DMD ' 
substrate or may be external to the DMD. For the purposes of this disclosure, addressing circuitry is considered to include any 

^^JSS^SSStt used to contro ' the direction of rotation of a DMD z ™- The addressi "9 ^ 
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[0036] The silicon substrate 104 and any necessary metal interconnection layers are isolated from the DMD superstructure bv 
an insulating layer 106 which is typically a deposited silicon dioxide layer on which the DMD superstructure is formed Holes or 
vias, are opened in the oxide layer to allow electrical connection of the DMD superstructure with the electronic circuitry formed 



in the substrate 104. 



l« 11 h f first layer of the superstructure 's a metalization layer, typically the third metalization layer and therefore often called 
M3. The first two metalization layers are typically required to interconnect the circuitry fabricated on the substrate The third 
metalization layer is deposited on the insulating layer and patterned to form address electrodes 1 10 and a mirror bias 
connection 1 12. Some micromirror designs have landing electrodes which are separate and distinct structures but are 
electrically connected to the mirror bias connection 1 12. Landing electrodes limit the rotation of the mirror 1 02 and prevent the 
rotated mirror 102 or hinge yoke 114 from touching the address electrodes 110, which have a voltage potential relative to the 
mirror 102. If the mirror 102 contacts the address electrodes 1 10. the resulting short circuit could fuse the torsion nlngls Vie or 
weld the mirror 102 to the address electrodes 1 10, in either case ruining the DMD. "<"9*«> "° or 

ISSf.S! 0 " 899 iS 3 i Wa ^ apP ' ie , d b( ? h to the landing electrodes and the mirrors 102, the mirror bias connection 
w?tJ tit mSShK ™ e o S ^ e ^o 6 ^ • ' y c ° rnbined,n a s,n ?' e structure w "en possible. The landing electrodes are combined 
with the mirror bias connection 112 by including regions on the mirror bias/reset connection 1 12, called landinq sites which 

^ ha ro C ^ ,y " m,t h . r °£ t,0n °V he , m L rr ° r 10 . 2 b y, contactin 9 either mirror 102 or the torsion hinge y?k ' M4 These landing 
sites are often coated with a material chosen to reduce the tendency of the mirror 102 and torsion hinge yoke 1 14 to stick to the 
isnoinQ sit©. 

[0039] Mirror bias/reset voltages travel to each mirror 102 through a combination of paths using both the mirror bias/reset 
metalization 1 12 and the mirrors and torsion beams of adjacent mirror elements. The landing electrode/mirror bias 112 
configuration shown in Figure 1 .s ideally suited to split reset applications since the DMD elements are easily segregated into 
tS'S^ST! T S or H co ^ mns f s,m P'y by isolating the mirror bias/reset layer between the subarrays. The mirror bias/reset 
layer of Figure 1 is shown divided into rows of isolated elements. 

[0040] A first layer of supports typically called spacervias, is fabricated on the metal layer forming the address electrodes 1 1 0 
and mirror bias connections 112. These spacervias, which include both hinge support spacervias 1 16 and upper address 
electrode spacervias 118. are typically formed by spinning a thin spacer layer over the address electrodes 110 and mirror bias 
£™f > ?/V S ^' n s j >acer J a y e '; » tyP^'jy a1m ^ layer of positive photoresist. After the photoresist layer is 
deposited, it is exposed, patterned, and deep UV hardened to form holes in which the spacervias will be formed. This spacer 
layer and a thicker spacer layer used later in the fabrication process are often called sacrificial layers since they are used on y 
as forms during the fabncation process and are removed from the device prior to device operation. 

[0041] A thin layer of metal is sputtered onto the spacer layer and into the holes. An oxide is then deposited over the thin metal 
layer and patterned to form an etch mask over the regions that later will form hinges 120. A thicker layer of mete VypSly an 

£ZT h"n° y : ,S T^TL ° Ver the ' aye :. a , nd ° Xide etCh masks - Another ,a y er of ° xide * ^Posited and patterned to 
define the hinge yoke 114, hinge cap 122. and the upper address electrodes 124. After this second oxide layer is patterned the 
too metals layers are etched simultaneously and the oxide etch stops removed to leave thick rigid hingf yokes 14 hinge cap? 
122, and upper address electrodes 124. and thin flexible torsion beams 120. 9 P 

[0042] A thick spacer layer is then deposited over the thick metal layer and patterned to define holes in which mirror support 
T£Z 3S 1 f W '" bG formed , The.thick spacer layer is typically a 2 mu m thick layer of positive photoresist A^ayer of mirror 
metal, typically an aluminum alloy, is sputtered on the surface of the thick spacer layer and into the holes in the thick soacer 
layer. This metal layer is then patterned to form the mirrors 102 and both spacer layers are removec I using a ^pLsma Itch 

S2rt 3 rn22^ !£ T ' ayerS been , remov e°. the mirror «• free to rotate about the axis formed by the torsion hinge 

Elec rostatic attraction between an address electrode 1 10 and a deflectable rigid member, which in effect form the two plates of 
rinid "JSSKST^l 18 USe K to r0t3te th e^i"-°r structure. Depending on the design of the Micromirror devfc" ?th fdeflecteble 
^mhSn tht r to T T° n beam y° ke 11 | ^ beam or mirror 102 - a be ™ a «ached directly to the torsion hinges, or a 
combination thereof. The upper address electrodes 124 also electrostatically attract the deflectable rigid member. 

[0044] The force created by the voltage potential is a function of the reciprocal of the distance between the two plates As the 
rigid member rotates due to the electrostatic torque, the torsion beam hinges resist deformation E SlSh is 
h2 aPP ,'° X,mately 1n«rfuncbon of the angular deflection of the torsion beams. The structure rotates until the restorinj torsion 
beam torque equals the electrostatic torque or until the rotation is mechanically blocked by contact between the rotating 
structure and a fixed component. As discussed below, most micromirror devices are operated in a digital mode wherein 
sufficiently large bias voltages are used to ensure full deflection of the micromirror superstructure. wnere.n 

ESS? ^ cr ° mirr0r devi Sl S 3re aurally operated in one of two modes of operation. The first mode of operation is an analog 
^tinn m „ h T. Ca 6d be K am . S i een ? h 9, whereinthe address electrode is charged to a voltage corresponding to the desired 
deflection of the mirror. Light striking the micromirror device is reflected by the mirror at an angle determined by the deflection of 

S^IhT ?? en t d, H 9 °k" the V ^' ta9e , aPPlied t0 the 3ddreSS e,eCtrode ' the cone of »9 ht "^fleeted by JnTd^dual mirror T 
directed to fall outside the aperture of a projection lens, partially within the aperture, or completely within the aperture of the 
lens. The reflected light is focused by the lens onto an image plane, with each individual mirror corresponding to a fixed location 
on the image plane. As the cone of reflected light is moved from completely within the aperture to completely outside the 
aperture, the image location corresponding to the mirror dims, creating continuous brightness levels. 

[0046] The second mode of operation is a digital mode. When operated digitally, each micromirror is fully deflected in either of 
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H»fi^» J'c nS . ab °i! t th ! torS ' 0n ? e 5 m 3 ^ S - °!. 9 J tal °P eration use s a relatively large voltage to ensure the mirror is fully 
225SJ£? S advante 9? ous to dr,ve .^dress electrode using standard logic voltage levels, a bias voltage typically a 
ESSIES?!; ' S 6 « ? 6 m - ,rr ° r I? 6 * 3 ' ,a / er mcreaS . e the volta 9 e difference between the address electrodes and hi 
Pn™Vh G °- a SU ^f!f n « y la . r9 i m,r ^° r b '?f vo J age '- e - a voltage above what is termed the collapse voltage of the device) 
ensures the mirror w.l deflect to the closest landing electrodes even in the absence of an address voltage Therefore bv us no 
a large mirror bias voltage, the address voltages need only be large enough to deflect the mirror slightly nefetore ' by us,n 9 

[0047] To create an image using the micromirror device, the light source is positioned at an angle equal to twice the anole of 
rotation so that mirrors rotated toward the light source reflect light in a direction normal to the surface o L mSomirror dev ce 
™J ^ a f^ re ° f a f pr ° J ?5 t,on ,ens ,< ie ; creatin 9 a b "9 ht P ixel on the if "age plane). Mirrors rotated awa™ from the light 
rro^H k flec V'9 h ^ awav fr ° m the Projectoon lens (i.e. leaving the corresponding pixel dark). Intermediate brightness level are 
created by pulse width modulation techniques in which the mirror is rapidly and repetitively rotated "ON" and "OFF* The dutv 

S plSiv^ the ima9e P ' ane - The ^ ^grates the ligSt Si 

data bit being displayed. A lot of hardware is required to format the data fromihe rSttr-S ^ 

sources to the bit plane format required for binary pulse width modulation CsWg a Somfrror See V 

A^L&iJfn^ P ' a » Vi6W ° f ad^tf" micromirror device 300 according to one embodiment of the present invention. 
Although an analog vo tage ,s used by the device of Figure 3. the term digital micromirror device is retained because the mirror 
itself is operated digitally-that is. the mirror is fully deflected in either the "ON" or "OFF" direction at all times The D^MD 300 
shown in , Figure 3 includes an optional digital to analog converter 302 to convert a digital image data stream into an analoo 
signal. The preferred embodiment receives an analog input, and therefore does not require tine digital to ^^nalog converter 302. 

[0050] The output of the digital to analog converter 302 is received by an analog shift register 304. The analoq shift reaister 304 
typically is a charge coupled device (CCD) that periodically samples the analog input and transfers a , voftag ?o cnllS 

LTnTn^ thC a K na K 9 ^ npUt ^! t0 Ce " eaCh Peri ° d - For exam P |e - if DMD ha * a mirror array 308 H te 1 280 S?n™ wide 
and 1024 mirrors high, the analog shift register 304 contains at least 1280 cells, each capable of holding an analoq signa 
representative of one pixel of the analog input video data. 9 anaiog signal 

[0051] After an entire row of data has been shifted into the analog shift register 304, a row decoder 306 or row counter selects 

™ 1 c n 6 r irr ° r array 308 int ° t WhiCh the ana, ° 9 data is transfe rred. The output of the row decoder 30 o^ra5es »£a write 
enable signal in a memory array to transfer an entire row of data into the mirror array 308. Although not shown in Figure 3 
some embodiments may use two or more analog shift registers 304 alternately in a ping-pong fashion dependinq on thl speed 
at which the analog data can be transferred to the mirror array 308. uepenomg on me speea 

[0052] The micromirror device 300 of Figure 3 can easily accept interlaced or progressive scan video data If interlaced data is 
input the row decoder 306 can increment by two so that the interlaced format is retained. Alternatively the row deader 306 
selects too modulator rows to receive each line of image data. Loading each line of interlaced image data Into two modulator 
S^2°H 3 CtVde line - doub '! 1 n ? de-interlace conversion. Since the invention described he Sn is equal y apSaWe to 
interlaced and progressive scan data formats, the terms field and frame will be used interchangeably throuqhout hfs disclosure 
with the understanding that the proper term and signal timing depends on the input video stream inrou 9 nout tn,s disclosure 

S SSKSm 48 iS . a c schematic view of one embodiment of a micromirror element, or cell, operable to perform analog pulse 
width modulahon. In Figure 4a. pixel data from the analog shift register is written to a first capacitor 402 when the write sianal 
from the row decoder turns transistor 404 "ON". After the first transistor 404 is turned "OFF" .a second transistor 408 1 turned 
ON by a field write signal to allow a transfer of charge from the first capacitor 402 to a second capacitor 406 The "use oftoo 
fransistors 404. 40 and too capacitors 402. 406 is optional, but allows one row of data to be displayed white a second roTof 
dale !s being loaaS tranSiSt ° r ** '* m3y bS neC6SSary t0 USe 3 b ' ankin 9 P^^od white a fTeTd o f 

[0054] Also included in Figure 4a is a buffer amplifier 410. Buffer 410 is used to source or sink current as necessarv to Drooerlv 
charge capacitor 406. Without buffer 410. the charge stored on capacitor 402 would be averaged with the charge Stored on 
capacitor 406 when transistor 408 is turned "ON". Averaging the charge on the two capacitors would a lotvlmagl data from one 

fZr T S^L d !^ V ^ ar ^ tbe P ers !f te nce of a cathode ray tube. Alternatively, a small resist™^ 3 

u a e te d wnte operat,on t0 quick,y dischar9e the capacitor - ° f course > both a decav resistor and a 

[0056] Another change to the sample and hold circuit on the input of each comparator allows the modulator cell to nerfnrm 

^TheStoM^t 9 h" *?***iF» ^ To A IS**™* th,S Change a resistor is SSSdhSSE ; S rhe'capStor 
406. The resistor limits the discharge of the capacitor 406 and allows data from one frame to influence the operation of the 

^TIT H n ^ 6 " eXt fra fl me - The ' arger the ValU6 ° f the resistor 424 ' slower the ^arge on the SpaStor 406 ca be 
424 are used m ° re ' PreV '° US V ^ W "' h8V8 °" ' 3ter Vide ° frameS - Typically neither ' esistor 422 or resistor 
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[0057] Once a field or frame of data is stored in capacitor 406, the data controls the operation of the cell's micromirror 412. The 
data stored on the capacitor 406 is provided to one input of a complementary output comparator 414. A reference voltage from 
a reference voltage generator 416 is provided to the other input of the comparator 414. The complementary outputs of the 
comparator 414 are used to drive the address electrodes 418 of the micromirror. The complementary output comparator 414 
may be any circuit that performs a comparison between the two input signals and drives the address electrodes 418. For 
example, a single-ended comparator may be used to drive analog switches, pass transistors, or other logic that in turn provides 
the voltages to the address electrodes 418. 

[0058] Depending on the relative magnitudes of the voltages provided to the comparator inputs, one address electrode 418 is 
driven high while the other address electrode 418 is driven low. Reference voltage generator 416 is typically not part of each 
micromirror cell, but instead a single reference voltage generator that provides a reference voltage to many micromirror cells. 

[0059] The electrostatic attraction between the micromirror 412 and the address electrodes 418 causes the micromirror 412 to 
rotate toward the side having the greatest electrostatic attraction. Since the electrostatic attraction is a function of both the 
voltage differential and the distance between the electrode 418 and the micromirror 412, even a small voltage differential 
between the micromirror 412 and the closest address electrode 418 may be sufficient to hold the micromirror against landing 
electrode 420. Therefore, the mirror bias is generally set equal to one output of the comparator so that there will be no voltage 
differential on one side of the micromirror 412. 

[0060] Figure 4b is a schematic view of another embodiment of a micromirror element 401 , or cell, operable to perform analog 
pulse width modulation. The embodiment of Figure 4b is similar to the embodiment shown in Figure 4a but does not include 
two capacitors and write transistors, or the resistors used to filter and decay the charge applied to the capacitor. 

[0061] Figure 5a shows one possible waveform for the output of the reference voltage generator of Figure 4a The waveform 
500 shown in Figure 5a is a modified sawtooth waveform. The curve of the rising portion of the waveform performs a degamma 
function by altering the duty cycle of the micromirror for a given image data value. Because the degamma waveform is a 
smooth analog waveform, the false contouring problems associated with dim data values do not occur. 

[0062] The reference voltage waveform 500 typically is a periodic function with a frequency that is a multiple of the frame rate 
The use of a reference voltage with a frequency higher than the frame rate allows helps to reduce flicker and performs a 
function similar to the bit period splitting techniques of the prior art. Figure 5a shows a reference voltage that repeats four times 
every frame. A typical reference voltage repeats sixteen times each frame. 

[0063] The magnitude of the reference voltage 500 and of the pixel image data signal is not critical. Voltages as low as 1 volt 
may be used and still provide the equivalent of 8 bits of image data with 4 mV steps. Higher voltages will require more power 
while lower voltage require increase precision and improved isolation from surrounding circuitry in order to avoid degradinq the 
image. 

[0064] The reference voltage generator may use analog circuitry to generate the waveform, a digital to analog converter for 
converting waveform data stored in a memory into a reference voltage, or any other type of circuitry for qeneratinq the 
reference voltage waveform. ' " 

[0065] Figure 5b is a voltage waveform representing image data stored on capacitor 406 of Figure 4a. As shown in Figure 5b 
the image data is constant for one frame, t0-t1 and t1-t2. Figure 5c shows the position of the micromirror as determined by the 
waveforms of Figure 5a and 5b, As seen in Figure 5c, the duty cycle of the micromirror is increased during the four reference 
voltage pulses of the second frame compared to the four reference voltage pulses of the first frame. 

[0066] Referring back to Figure 4a, the use of resistor 422 creates a decay or persistence effect because the mirror on periods 
during each frame are gradually shortened. Alternatively, the decay of the signal stored on capacitor 406 allows the use of a 
constant reference voltage. Using a constant reference voltage with a decaying charge on the capacitor 406 will only create one 
mirror on period each frame. To create additional mirror on periods within each frame period, transistor 408 is turned "ON" 
several times during the frame period to refresh the charge on capacitor 406. 

[0067] Figure 6a shows a reference voltage waveform 600 according to a second embodiment of the disclosed invention As 
shown in Figure 6a, the reference voltage repeatedly ramps both up and down. The advantage of the waveform of Figure 6a is 
that the energy from each on mirror is centered about the same point in time regardless of the image data. While the waveform 
shown in Figure 6a may or may not provide more pleasing video images, it improves the output of printer-type devices that can 
also utilize the disclosed analog pulse width modulation techniques. 

[0068] A voltage waveform representing the data in a first micromirror cell is shown in Figure 6b. Figure 6c shows a voltage 
waveform representing data in a second micromirror cell. As seen in Figures 6d and 6e, while the two micromirror cells have 
different duty cycles the periods in which the mirrors are "on" are centered relative to each other. Since most DMD-based 
printers print a single line of data on a moving photoreceptor, centering the output from each micromirror element regardless of 
the data being projected improves alignment of the pixels in each image row. 

[0069] The reference reset voltage also provides an ideal means of adjusting the brightness and contrast of the image Since 
the reference voltage is applied to all of the image pixels, a change to the reference voltage waveform will alter the duty cycle of 
all of the micromirror elements. Using the polarities shown in Figure 6, an upward shift in the reference voltage will reduce the 
duty cycle of the micromirror and dim the projected image. Likewise, a downward shift will increase the brightness of the 
projected image. Similarly, only shifting one end of the reference voltage waveform, or shift in both ends in opposite directions, 
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will change the contrast of the projected image. 

[0070] The above description of the analog pulse width modulation micromirror relies on the ability of the mirror to 
spontaneously reset when the output of the comparator changes states. It is well known in the art that micromirrors tend to 
experience stiction problems. Stiction is due to an attractive force generated between the micromirror and a landing electrode 
when the micromirror is in contact with the landing electrode. Stiction can overcome both the restorative torque of the torsion 
hinge and the electrostatic forces and prevent the micromirror from changing states. Passivation coatings are used to reduce 
this attraction. Even with the use of passivation coatings, however, it may be necessary to use some sort of a reset voltaqe to 
spring the micromirror away from the landing electrode. 

[0071] Reset schemes generally utilize one or more mirror bias pulses to store energy in the hinges of the micromirror and 
changes to both the address electrode voltage and the mirror bias voltage. Changing the bias voltages applied to the ' 
micromirror and the address electrodes, generally by temporarily increasing the address voltages, is intended to increase the 
attraction between the address electrodes and the micromirror. 

[0072] Figures 7 and 8 both depict schematic views of different embodiments showing how to apply an optional reset voltaqe to 
the mirror bias signal during a reset period. In Figure 7, an edge detector 700 outputs a signal whenever the comparator 
changes states-that is, whenever the micromirror should be reset. The output of the edge detector is used by an analog switch 
to enable a reset voltage waveform to be applied to the micromirror superstructure. The reset voltage waveform is provided to 
the entire micromirror array, but is only provided to the micromirror when the comparator changes states The reset voltage 
waveform provides a large number of reset opportunities each frame, for example 256 reset pulses each frame Althouqh the 
reset circuitry shown in Figure 7 eliminates the effects of sticking, it reintroduces many of the quantization artifacts such as 
false contouring, caused by the discrete reset events. 

[0073] A better means of avoiding sticking mirrors that does not introduce the quantization artifacts is shown in Figure 8 The 
circuit of Figure 8 is similar to the circuit of Figure 9, except that the edge detector 700 triggers a reset generator 800 that 
provides a unique reset waveform for each element in the micromirror array. While the circuit shown in Figure 8 avoids the 
quantization problems introduced in Figure 7, the circuitry required to generate a unique reset waveform typically will not fit 
under each micromirror cell. 

[0074] Figure 9 is a schematic view of an image projection system 900 using an analog pulse width modulated micromirror 902 
In Figure 9, light from light source 904 is focused on the improved micromirror 902 by lens 906. Although shown as a single 
lens, lens 906 is typically a group of lenses and mirrors which together focus and direct light from the light source 904 onto the 
surface of the micromirror device 902. Image data and reference voltage signals from controller 914 cause the mirrors of the 
micromirror device to rotate on and off according to the value of the pixel's image data signal. Mirrors on the micromirror device 
that are rotated to an off position reflect light to a light trap 908, or simply away from the aperture of lens 910 while mirrors 
rotated to an on position reflect light to projection lens 910. Projection lens 910 is shown as a single lens for simplicity 
Projection lens 910 focuses the light modulated by the micromirror device 902 onto an image plane or screen 912. 

[0075] The display system shown in Figure 9 has the advantage of not requiring any frame memory when three parallel 
micromirror devices are used, and reducing the amount of data processing required. Low-cost systems however prefer to use 
the time-sequential methods described above to create full color images using only one or two spatial light modulators These 
one or two-chip display systems require a buffer memory to store image data for one or more inactive primary colors while the 
one or two active primary colors are being displayed. 

[0076] Thus, although there has been disclosed to this point a particular embodiment for a method and system for usinq analoq 
pulse width modulation with a digital micromirror, it is not intended that such specific references be considered as limitations 
upon the scope of this invention. Furthermore, having described the invention in connection with certain specific embodiments 
thereof, it is to be understood that further modifications may now suggest themselves to those skilled in the art. 
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Claims 



1 . A method of operating an element of a spatial light modulator comprising: 

providing a pixel data signal to said element of said spatial light modulator; 
providing a reference signal to said element of said spatial light modulator; 

comparing said pixel data signal and said reference signal as at least one of said pixel data signal and said reference 
change; and 

operating said element of said spatial light modulator according to the results of said comparing step. 



2. The method of Claim 1 , further comprising the step of: 
decaying said pixel data signal during a frame time. 

3. The method of Claim 1 or Claim 2, wherein said step of providing a reference signal comprises providing a chanqii 
reference signal. 
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4. The method of Claim 3, wherein said step of providing a reference signal comprises providing a gradually ii 
reference signal. 



5. The method of Claim 3, wherein said step of providing a reference signal comprises providing a gradually decreasinq 
reference signal. 

6. The method of Claim 3. wherein said step of providing a reference signal comprises providing a gradually increasing then 
gradually decreasing reference signal. 

7. The method of any preceding Claim, further comprising the step of: 

selecting a global reset waveform upon a change in an output of said comparing step. 

8. The method of any preceding Claim, further comprising the step of: 
generating a reset waveform upon a change in an output of said comparing step. 

9. A micromirror device comprising: 
at least two address electrodes; 

a deflectable mirror element suspended above said at least two address electrodes; 
a capacitor for storing charge representing an image data signal; and 

a comparator receiving said image data signal and said reference voltage, said comparator arranged for comparing a reference 
voltage input with said image data signal, and for providing address voltages to said at least two address electrodes to cause a 
deflection of said deflectable mirror element. 



10. The micromirror device of Claim 9, wherein said micromirror cell further comprises an edge detector for detectinq a chanqe 
in the output of said comparator. ^ 

1 1 . The micromirror device of Claim 10, wherein said micromirror cell further comprises a switch for enabling a global reset 
signal when said edge detector detects a change in the output of said comparator. 

12. The micromirror device of Claim 1 1 , said micromirror cell further comprising a reset generator for outputting a reset signal 
when said edge detector detects a change in the output of said comparator. 
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aii-ft««f*s^r^-r x (ccd) r-fcft. mm. d 

MD*iil2 8 0IWi7-, HI 024{i£0S5-O 
S7-'7UO0 8^Wn^. 7tD/ x7h' 

mfr-rTi-v7m^z&«tfGU%&'j>-%< 1 1 1 2 s 

Ofi<7Mr/t'2:#tr. 

[0035] 7-'-^C0fi : ^^r7"ay'- b • l^X 
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9 30 4 <,Z~>7 h Ztltz'&. ffr 3-^3 0 6 . X(4?T 
**7Vm, 3 0 8c7)*r£3I#?U 

(CT-^oj?' • x-:?rt 5 SKj*£;rl*. fff3-y3 0 6(0 

SfcttteU S9-7W 3 0 8tC-r-^<0^f*:2: 

(4. T^o^-7 f -^4*S9--TW3 0 8ialB»§ 

7h-l^yX:?3 0 4£ey;K>^(c3c2(CfflV**£i; 

[0 0 3 6] I3^^D$5 — f^A3 0 0 

y*&M&tzMz2^<7mffltt*m3i-th. -iy 

9~V-x^ivtzWScf-9^ : yA IrxrygMfi 

[ 0 0 3 7 3 04 a(4. r^D^ ^^X^S-^d 
;tOT^S7>(^oS 7-fS^X(4*/U7)-Si]&g#Jc9 

ff^-* i >7y> ; X^4 0 4Sr^->'t-rSt#. T-^ni/ 
■isyh- \/ : JX?frt,<7)WM'T—?tf%S 1 <7)^-V^:7 
4 0 2tC*S&*;h.*. »1 h 5^**4 0 4 
7fc$nfc«, 7-f-;Ph'*i2^«#{=J:oT^2^H 

2Oi?)h7yyX^404. 408^. 20(7)^ft 
/n'v-^4 0 2. 4 0 6£m\ / ^Z>ZtlZ*y°i'3i-)l'T$> 

-ire. m i co7-?mmxkZtL& Xoiz-tzzt *>* 

■Tffit** . H20N5 y iS* 9&V* xrtis9tfi%^ 

IS Srffl U * d t a*#^ar i i: t * 4 . 
[ 0 0 3 8 ] 04 afCfcft? 7 r4HR&4 1 0 £>#£;ft. 
A'7 7r4 10lt ^•\-^>-?4 0 6£»:JH;:ftfi: 

it&tzMzm^btlh. A 7 7r4 10A^i^. h 
7y^^4 0 8*^>-(C$ix4t. ^ftAy^4 0 2 
C*HtS^./t«Jff»i. ^■r>'N , >-^4 0 66CSa$n4« 
ffirfc^SSii*. 2o(0df-v^-v^(cm?t$:^iE-r?>i 
fcdiO. l-?c7)7U-A*>A,c7)a«x— 71/ 



zsyY-\s~JX9<r)&$!>?l<r»<<>v~7T\±. 3-W^:?4 
0 2 (c«?ffa«$fi* S H t«tt£fr3r 7 . 
[0039] ^-WnV?4 0 2. 4 0 6£r? 'J"T-t*fl!l 

^atfflv^ft*. i -ontm^mi. wx94 

v-f:?o* 5- • -te;M4. Mfw^y 
X7 i y^tca(PI-ri>t9>o< 0 LTt^SMs (brightness 
decay) Sr^-f. -fWJfcLT. **Ms9 

m^h£o7-?m&*mtfwmi!tz**^>-?iz'bz 
[0040] &-nynv-?<n\-hi,zm&**ry-?vy 

JlWi&T-fCOMmB (recursive) — B##)7 -f yW? 'J 

df^NV^ 4 0 6l£i6fl£]^**:W*fltl3*L6. -I<7) 
Ui? X9te**r '^9 4 0 6co1kmZMWtL, 1-pco7 
V—J±frL><F> ; T—-9t>r&.<r)7 U—J»cr>-?J 9 D 5 9— £0 

swwciHf Sraert- i a (car* . i- i>x 9 4 2 4 <o*a« 

< =5r* i: . ^!E$tL#l>dfA'^'^^4 0 6(7)5£ 
JRI < ar 0 . mco fx* • -r- 9 tHkcn t t 1 ":* • 7 
\s-Mz5- z_ h %mtf±% < ar * . ftfflWtcli. l^^'x 
^4 2 2X(4P> ;: x^4 2 4^ov^•f ! i^tfflv^^ J ^^a:v\ 
[0041] -If-^«7 HXJ47 l^-A*^ 
•V^-^^4 0 6^#m§iXl>i;. Z\cr>ir-9ifi. ^cO-fe 
;W7^oS5-4 1 2tfMBfr*MflW4. 

9406 izwm^tLtzf-9it. mnmtaii n y^v- 

94 1 4<7)l-PCOA73(C«^§tl.*. *BWBE^x*U 
-^4 1 6frt>0y§mM£tf. ay/^u-9 4 1 4«S"J 
coAJ]i,z&&%tiZ>. nynv-94 14cOfflffiWl±573 
tt. 7-f?o5 7-tf)7K^ti4 1 8£iEiSf *fc 
WCfflV^^ix*. ffiffl6<Jttl7J3>'^ 0 l/-^4 1 414. 2 
oc7)A7Jfi^-r B lOifcKSrtfarVK r H \sxm&4 l 8 Sr 
Ki!rt-*esoiiisST$)'>TJ;v> < , r K^x«fii4 1 8 

[0 04 2] 3WCU-^A*tc*lft§^4«EEWffiW 
W*&S»Cfiic->T. — 7jfiOTh*l^Xfl:«i4 1 8amtzm 
®Ztl. mijcr,TWxm&4 1 8«±ffitClEi6$ix*„ 
mm.Ki^^^-9 4 1 6(4. AfflW(C(4. 
i0"7-f • -fe;l/«0— SRTJ4ar<, 

[0043] 70057-4 1 2fcTr-'b-XttfiB4 1 

8<7)Ho»m3i7j(4, ft t a# v»»«gi**#t*«at= 
i^»«gi*{4, mEmfi^t. mm 4 ist7^n 

5 5-4 1 2<ara^E«tf5!l*»l!Wrc&*:fc*>» v>f 
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5 5-4 1 2 k&i>&^WBi4 1 8<7)llfcO/h$3:m 
&MX'%1. 3Bf*1MS4 2 0tc»LTV'f ^oS9-Sr 

J&Wfc:. -?4?a*5-4 1 2<7>n-ffllt;*ai&* s 
^<^<^rl.<J; ■? n>-yNV-^<7)lo<7)fctl*^L<IS 

[ 0 0 4 4 ] 04 bfi. T-^d^ • /^XifgggtSSrgilfi 1 
7 -f ;w ? y y ^ t T jfiiP- § -tt & tb iz m v> 6 u ^ * £ 

[ 0 0 4 5 ] 05 ali. H4 a^MSSE^x^U— ^ 
om^e*^ 1 0(JD*9f#&&Jg£5irt. @5al:i 

[0046] imW£W885 0 0 liftSWfcHi , 7 U— 

t' -y MfflHMMPJatlSfc:aftl-*-««ffi*4T* d i t 
5.15a (i£T <D7 IH^Sf 4#SB*E£ 

ASW=5r#BS«E{i. #71— ATI 6GIRfirt- 

[0047] mmms. 500 Rimmwm?- ?m^e> 

Ml***. 4mV^f7Tt8t*7 h {CffiS-f ■I.Mtx 

-^fitttSft*. J: O^SEti-flaK 

[0048] sbmke^x m&*£Mt& 

S^fi^-r^'^/U • rtn/ • 3>-A 

[004 9] 05b(i, H4 a<7)dE-W?s^4 0 6K# 
«StefcM*T-*£fMrr^«#T*5. I5bi: 
iprtiolz^ MfeT-*Ji. t 0 -t,&tf 
ti-tjia-C-jg-C**. 15cll 05a&t>'l25b 
J: o T iSfc* itfc v ^ n 5 9 -<7)ftB£ * 
H5cT'mJ:3{c. 7^n$5-Ofa-f^ 



[0050] iSt/H4a£#B§U «-7WA^<7)$5 

<^?>. immtLx. 0 6 

i o . — je<o*a8«Es-fflv^4 i t 

§ h J: a t=5:?> . rtis? 4 0 6 <?5S»«ffiff-jt<0 

ostevv-Amwinmrnxyizzti. *c*j^-?a 

[ 0 0 5 1 ] H6 a(i. B*$*lfc|ftaK^»2<^IStM 
tC<M->^#BS«JEiS® 6 0 0 16a (cjR* J: P 

fc. «i«flE«±atrFt=Rat'r5>^rsfL&. H6 

ft+^-S. i6al:*L^WIi. -egfS'Srt'x^a 
«S:««-tS*^tii*v^tt^v^tUtt'5:v^ i 

[0052] m\cr>~?A 7v^7- ■ ^tWf-fZ^k 
h^m&&*m6b{,Z7Tdr„ I6cll W,2cdi4 7 
DS7- - */Ucr>7~ 9 Zmh-fHEamZ^-f. H6 
dmm6eX'm&£olz^ 2^v-f^nS7-^ 

x-hhWiSAtm^zmLx^^zhh. dmd 

5. 

[ o o 5 3 ] mm u -t: -y h«j±(± . attKJMWta^ 3 > 
itwimme>£xizm&2tiz,t:#>. mMEamwss. 
jvtmhh. mei,z^-tmmm\^ztt l zx'o . mm 

[0054] T±uy ■ /vuxm^m^A ? n 5 
mmmztmtz, t^A^a^y-t mmmrn t <m 
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[0055] 'J-fe7 h^i-SW^. 1 oXJi-e Wil 
O t > ^'fcx*/^- N $.1/7* F \sXW&W£Baf S 5 

Tvuxmrnz-mwizmmzithztizXix. u 

7X3*7-J^TY)sXmizmk%irihrt4 T^tE 

[0 0 56] 07S.t/H8<±V^ixi,, ^7y 3 f;VO 
'J*-yb*GE£. y-fe y F JSIfU^ISi 5 5- • Tx{g 

fflv^tu ?u*j-±jgmmtzmk%tihv*v 

'Jt^btEW. #7i^-A^#<c7)'j-fe-y h 

saw 5.07 tc^-t 'j-fe-y h mmmmmmt: m t> 

[0057] M^itT-f- 4 7 r 9 h SrfljgCl $"f £ § 

H8<50HIS&«. x.ySx'Kffi^7 0 07&^ 7^^055- 
• T W *>**Pfc*t L#£<0 U -b -y h i£® 5 
'J-fe-y h • y'i*l/-^8 0 Ofchytf-riifcfcHtft 

«4\ l29<7)lfi]SSi:lBl«T'^5. @8{=^Ih]SS«. H7 

®Sr*J«^4fe«>ta(«aWt:«&Si:$<x*llIHKi. 

[0 0 5 8] H9ti. afcfKBtcflio/iTf-n:/ • 
m&k~? A ;o*7-902 &fflv^*B&£UH£gS9 0 

fct &^$ti.^V^^a5 5-9 0 2(Cl^yX9 0 6fc 

1^X9 0 6«iftSWC:, 3tiS9 0 4*^^$:V^^ 
PS5-- tVnM X 9 0 2 0*ffl±t:-«fcafe^ L T 1*5 

-fm^comizm-ox. w?n$?- • f-v-^xos 

^f?oS7-'f^^S7-ll 7fch7'yT9 0 



8^. XWi:i/yX9 l oomufr&ffixhXoizft 

9 1 Otjt&RSt?-**. mil/>X9 1 0(4fgB&-ffcco 
fcabloouyXi: LT^LT^S. t£S=t^yX9 l o 
t4, VO0S7- • f^MX9 0 2(Z.i;-?T^ira$ix 
^7fc£B®ffiX{ix? 'J-^9 1 2 teJMUS** . 
[00 59] H9fcjSU£*$SS«UL 3ow<5^ 

UT7W7-M5:o<5f*, JJ&so«HaW*8aSr 
&£fHV**£i:#H* U*. ^iHc>01X(4 2^--y7-* 
^B(4, loXli2-507?f-( 7"Jlfe& s «K§a5 

[0060] ZCDX 9 fy'i'iL' • ?D*7-t 

fct4*EIUTV^fV\ SStc. *^{4, 2(s«B^3R4!fir 
*SE5E*«j8U»*ikS:31!»Siut<. i^J:^ 

[0061] JSL£^RWt:RIUT!ef=»:«03B*BH3cr 
5. 

( 1 ) Qwemsmv>m=F*mw^ttmx'fo~> 
x. masmi. mimmftssm&comMmwzwm-T 
-?m^zm&L. mimmmtm&nmm^izmm 

mmmT-fm^tmizmfkm^co'jrtcK t *> 1 o# 
mt-tht^imt. mamrmnmmz^x. m 

ft. 

(2) mi^KiJt^re&o-c. 71^-^^ 

( 3 ) Hi JltciOdcW^rffiT**) -5 x . #raft#^g« 

( 5 ) HI ^KlBtt^^rSTft -5 T . 

( 6 ) hi «tiea»*i£"c* o t , ^mm^zmm 
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( 7 ) mi mztm^mx-h o x . tuiejt^xg^ 
( 8 > mi JBKfsf&o:fri£-e£> o r . fiiejt^isw 

[0062] (9) v-f ?D*7-'f^At&o 

n&zgM&^y^-fThix . mummj±AJj 
r Fi/xt»:r vi/xn&zmmLxMimfa^j&s 

(10) m9fl^lStii<7)-7^i?o5 7--v :r ^'^Xf 
h-oX. mi~?4 7n$y-"£/i'fiK iWienvvw- 

(in mi ojstieaov-f ?DS7-f^-fx 

tJ)oT, BUSS*, -y v-'^Jfi^ffilfS^ >/*]s-?<V&jj 

5,061.049 1990^9^135 1991^10^29 B 
5.278,652 1993^3^230 1994^1^110 

5,583,688 1993^12^210 1996^12^100 
[HI ] v-f?oS7- • TWO/hS>5r«M<OS*fl 



-JMz-tht&xnH -y f-£15fE^M ;q$7- 
(12) mi l*fc8B8W)v-r ^n5 7-fAMx 

Mfc-g-tf •? -i 9 P S 5 - • t> ^ .X . 

[0063] (13) • nji,7j&^&imm. 

c^-W^? (406)**. H^t-'-^cO 1 ooB»£ 

$ay*-ws*wiw-& . ayni/-^ (4i4>ii,* 

•WS^* (406) CSm$n^B«7 f -^m-f-€:#Bg 
«95>x*V-* (416) *^cO#ggfi-^t JtHftt 

Xtt® (4 18) ii. U ?n$^-(4 1 2)&«fa$ 
#&J:3fc:'<-f TXSjh.*. dr-W^? (4 06) K# 

ft.T. (4 14) <5Dm^Jii, 7>f?DS7 

-(4 l 2)co^aS-^tl.J;di^-fL-f-a. 



[02] Il»?^7nS5- • 7W *^lo<7D-7W 
[03 ] aWKH^-HttMtcffi-jfe^r^^^ • v4 ?o 

[04] ate. T^n^.^/^SKH^fparaiJ:* 1 
T'# 403(507*^^ -7^Di7- - t^M 1 
oc^^eoiooHte^coifeS. bte. T-7-o^-/sVU 
xi^M^fi : ^d^fc**-p#«.l23<7)T> ? ^l'- 

DS7-- X<7) 1 ^fg^S'icOfliifiiyl^B&H., 

[05] ail. 04aStX4b«Offi*#S§^E^*a:^lx 
-?trjFr??77. bte. 2OC07W- lo 
(OiBfitcOBfgflJEx— cte. 05bco 

y- ■ ^)lcr, « y -^m.~k^9'y 7 . 
[06 ] ate. 04 a.RX/4 b <7)8&]&mW£i? x. 

-^^^■^7. bte. m 1 cowmcowmnB.'r'-? 

*7Ft7y7. cte. m2^H»^®^mE-r-^S:* 
t^57. dte. 06bc7)H«-r-^i:06atfO#^fl: 



t/7 7. ete. a6cOB*f-^i:H6aO#!Sl 

[07] ?xi->^v- u-^ yvm^mtR^m-t'?^ 9 

0 = 7— • -fe;l-«0— H]|fei5!l<5OBS0„ 
[08 ] y-fc -y b^<7)n-*;U^r^jgS:^-f v>f ^ a 
5 5- • -fe/KO— HJ6PJCDB&0O 

[09 ] *?MH^>-i5*«ifcfl!r>fcr-M3^ • wxm 

[«F^WgiBB] 

4 02, 406 ^f^>^^ 

404. 408 Y-yy'JX-? 

4 10 Av7T*WI» 

412 7-f^nS7- 

4 14 3>/Sls-? 

4 16 #JSHl-9-> > x*U'-^ 

4 18 TKl^xm^ 

4 20 *tftflSi 

4 22. 4 24 UiSX? 



(3L 0) 100-1 93899 (P2000-1 9t8 



CHI 3 




<G1> 100-193899 (P2000-1 9t8 



[04] 



Mb' 



:4T 





















r 




Ml 



?-*>- 1 » _j_ 




r 



40 ( 



MM 



4\b 



[H53 



b 




UL 2 ) )00-1 93899 (P2000-1 9t8 




(3L3>)00-193899 (P2 00 0 - 1 9t8 




